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Notional Lunar Reference 









engines developed for Apollo 


Opportunities Exists to Improve 
Propulsion’s Role In Current Missions 

Total Number Of Rocket Engines/Motors 
Per Flight of Each Apollo Mission 
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Boost Propulsion 
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Upper Stage Propulsion 
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Opportunities for Technology Insertion 

In-Space 
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Ascent / Descent (A/D) Propulsion 


c 

0 

o 

0 

< 

~o 

c 

CO 

c 

0 _ 

o o 

CO LO 

<3 2 

0 a) 

— N 
=3 O 
"D «- 

O <J> 

c o ^ 

° H o 

U) Z 2 


3 

O 

X 

LU 


CD 


> 

a e 

s < 

£ m 

(0 I— 

■e !T 
0 ) > 
O LU 
c 

3 


O 



LO 

C ^ 

0 o 

g LO 

-S V 
0 ^ 
-Q ^ 

-i— < 

0 — 

■o ■§ 
0 


CL 

0 

O 

CD 

C 


(0 

c 

o 


2 . 

O 

o 

JD 


0 

c 

0 
_C 

CD ~ 

c 

0 2 
0 £ 
-5 w 

.35 "D 

> 0 

=6 ® 
c c 
— 0 
c c 

8 g 
0 0 
< 

c 

0 0 
"O o 
C 0 
0 0 
_l T3 

0 3 
0 _l 
"D 

■D 0 
0 3 

tr £ 

0 3 

0 ^ 
0 ±5 


.2 o o 


0 

o 

c 

0 

's_ 

0 

Q_ 

X ^ 
0 CM 

•| 5 

CD X 

o O 

_l 

0 S_ 

JD O 
>» ^ 
c X 

E o 

0 cd 

0 O 


0 


0 
c 
t= o 

£ S 
^ E 


0 

c 

3 

_l 

C 

o 

0 

o 

o 

JZ 

o 


m 

o 

0 . 




A 


0 cr 


CD 
C 

55 

0 

3 
0 

0 

C 
s— -»-> 

3 C 

0 J5 

C£ 0 
3 o 

CO Q. 

1 

C= J= 

-4 — • 

2= > 

A 





MSFC ER30/LL - 19 


Opportunities for Technology Insertion 
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Ascent Crew Safety Propulsion 
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Opportunities for Technology Insertion 
Crew Safety 
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Reaction Control System (RCS) 
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Opportunities for Technology Insertion 

RCS 
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solenoid valves generate substantial heat 

>RCS systems with other propellant options - CH4, EtOH, Hypergols 
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